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MICROSTRIP-LINE TYPE DIRECTIONAL COUPLER AND COMMUNICATION 

DEVICE USING THE SAME 

Field of the Invention 

The present invention relates to a directional coupler 
used in the microwave band and the millimeter wave band and 
a communication device using the directional coupler. 

Background of the Invention 

In the base station of portable telephones, etc., using 
the quasi -microwave band or the microwave band, a 
directional coupler is used in order to monitor the 
transmission power at the base station. A high-frequency 
front end portion in the base station of portable telephones, 
etc., is composed of a transmission or reception filter 
using a dielectric resonator, a low-noise amplifier, etc., 
and connected to a' transmission and reception antenna. The 
high-frequency front end portion monitors whether the base 
station transmits an electric power necessary for making the 
communication in a fixed area possible and the circuit is 
constructed so as to be able to stably transmit an electric 
power on the basis of the monitoring result. The 
directional coupler is used for monitoring the electric 
power transmission and disposed between the transmission and 
reception antenna and the high-frequency front end portion. 
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Furthermore, as a coupling line for making the directional 
coupler coupled to a main line inside the circuit, a 
microstrip line characterized in that the production is easy 
and that the coupling to lines in various shapes can be 
easily obtained is often used. 

In Patent Document 1, in a circuit using a waveguide as 
a main line, a directional coupler in which a microstrip 
line is inserted into the waveguide is shown. When a 
microstrip-line type coupling line is inserted into a 
waveguide, the electromagnetic field inside the waveguide is 
coupled to the microstrip line at high frequencies and a 
part of the electric power inside the waveguide can be taken 
out . 

However, when a microstrip line is inserted in a 
waveguide, there was a problem in that it becomes difficult 
to specify the directivity to the waveguide because of the 
influence of the grounding electrode on the back surface of 
the substrate. Then, in patent Document 1, the directivity 
is improved in such a way that the whole grounding electrode 
on the back surface in the length direction of a coupling 
line portion where the electromagnetic field of the 
waveguide is coupled to the microstrip line is made to 
retreat a fixed distance in the width direction of the 
coupling line portion. When a waveguide and microstrip line 
of fixed dimensions are used, it is understood that the 
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directivity is improved up to 2 0 dB by making the grounding 
electrode on the back surface retreat a fixed distance in 
the width direction of the coupling line portion. 
Furthermore, in Patent Document 1, although the grounding 
electrode on the back surface is made to have a fixed shape 
for the purpose of improving the directivity at connection 
to the waveguide, also the same effect can be obtained in 
the structure where, instead of the waveguide, the center 
conductor of a coaxial line is made a main conductor. 
Patent Document 1: Japanese Unexamined Patent Application 
Publication No. 2-26103 

However, in the structure of Patent Document 1, since 
the grounding electrode on the back surface is made to 
retreat in the line width direction over the whole coupling 
line portion where the microstrip line and the waveguide are 
coupled, there is a problem in that the directivity greatly 
changes by a little positional displacement between the 
microstrip line and the grounding electrode when the 
electrode pattern is formed. The problem is described by 
using the structure in Figs. 5A and 5B where the structure 
in Patent Document 1 is used for coupling to the coaxial 
line . 

Figs. 5A and 5B are schematic sectional views of a 
substrate surface where the line portion of a microstrip 
line coupled to a coaxial line is formed is cut as a 
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sectional surface. In a directional coupler having the 
structure as in Fig. 5, in order to obtain the directivity 
of a current flowing in a microstrip line 40, the strength 
of a magnetic field coupling and the strength of an electric 
field coupling generated between the center conductor 42 
(hereinafter, referred to as the main line) of a coaxial 
line 41 and the microstrip line 4 0 are required to be made 
equal to each other. Fig. 5A shows the direction of a 
current flowing in the microstrip line 40 when both lines 
are coupled by a magnetic field generated in the main line 
42. A circular magnetic field 44 is generated around the 
main line 42 by a current flowing in the main line 42. A 
substrate 45 having the microstrip line 40 formed is 
inserted in the magnetic field and, when the microstrip line 
40 is brought close to the main line 42, the main line 42 
and the microstrip line 40 are coupled by the magnetic field 
44. At this time, an induced current 46 is generated in a 
coupling line portion 47 of the microstrip line 40. The 
induced current 46 flows from one end of the microstrip line 
4 0 to the other end. 

On the other hand. Fig. 5B shows the direction of a 
current flowing in the microstrip line when the main line 
and the microstrip line are coupled by a capacitance 
generated between both lines. When the microstrip line 40 
is brought close to the main line 42, a coupling capacitance 
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48 is generated between the main line 42 and the microstrip 
line 40 and an electric field coupling is caused between the 
lines. At this time, since a substantially symmetrical 
electric field strength distribution is obtained over from 
the middle point of the coupling line portion 47 to both 
ends 49 and 50 of the microstrip line 40, the currents 51 
and 52 of the same magnitude are generated in the same 
direction at both ends 49 and 50 of the microstrip line 40. 

When a directional coupler is constituted by close 
arrangement of a main line and a microstrip line, both a 
magnetic field coupling and an electric field coupling 
occurs, and currents corresponding to those flows in the 
microstrip line. In Figs. 5A and 5B, when the amount of 
electric field coupling and the amount of magnetic field 
coupling are the same, since the amount of a current 46 
flowing into the other end 50 of the microstrip line which 
is generated by the magnetic field coupling and a current 51 
flowing into one end 49 of the microstrip line which is 
generated by the electric field coupling become 
substantially the same, the current to one end 4 9 does not 
flow and the current only to the other end 50 flows. 
Therefore, the directivity of a current flowing in the 
microstrip line is decided and the directivity of the 
directional coupler can be obtained. Then, when a monitor 
circuit is connected to the other end 50, it is able to 
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monitor the electric power 43 passing through the main line 
42 . 

In Patent Document 1, the electric field strength 
between the microstrip line and the grounding electrode is 
changed by making the grounding electrode opposite to the 
coupling line portion retreat a fixed amount in the line- 
width direction, and thus, the magnetic field coupling 
amount and the electric field coupling amount between the 
microstrip line and the main line are made equal to obtain 
the directivity. However, since the whole grounding 
electrode opposite to the coupling line portion is made to 
retreat, the amount of change of the magnetic field coupling 
amount and the electric field coupling amount generated 
between both lines which is caused by the amount of retreat 
of the grounding electrode becomes large. Therefore, when 
positional displacement between the grounding electrode and 
the microstrip line occurs in formation of the electrode 
pattern, etc., since either of the magnetic field coupling 
amount and the electric field coupling amount between both 
lines becomes larger, there occurs a problem in that the 
directivity cannot be obtained. 

Summary of the Invention 

In order to solve the above-described problem, a 
directional coupler of the present invention comprises a 
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grounding electrode contained on one main surface of a 
substrate; a line portion contained on the other main 
surface of the substrate and constituting a microstrip line 
together with the grounding electrode; and a main line 
disposed so as to be coupled at high frequencies to a 
coupling line portion being a part of the line portion and 
be substantially in parallel to the coupling line portion. 
In the directional coupler, a notch portion, in which a part 
of the grounding electrode opposite to the coupling line 
portion through the substrate is cut in the width direction 
of the coupling line portion from the edge portion of the 
substrate so as to include at least the coupling line 
portion, is contained. 

In the structure of the present invention, since the 
notch portion in the width direction of the microstrip line 
is contained in a part of the grounding electrode opposite 
to the coupling line portion of the microstrip line so as to 
include at least the coupling line portion, the change of 
directivity due to positional displacement between the 
microstrip line and the coupling line portion can be reduced. 

Furthermore, the present invention is characterized in 
that notch portions are contained at both ends in the length 
direction of the coupling line portion. 

In the structure of the present invention, the notch 
portions of the grounding electrode are contained at both 
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ends of the coupling line portion. The electric field 
strength generated between the line portion on the substrate 
top surface and the grounding electrode on the substrate 
back surface is higher in the middle portion in the length 
direction of the coupling line portion. When the grounding 
electrode in the middle portion of the coupling line portion 
is left, since the electric field coupling amount between 
the coupling line portion and the grounding electrode can be 
easily controlled, it is also easy to control the 
directivity. 

Furthermore, the present invention is characterized in 
that the electric field strength generated between the 
coupling line portion and the grounding electrode is lower 
in the notch portions of the grounding electrode than in the 
grounding electrode having no notch portion. 

In the structure of the present invention, since the 
notch portions are contained in a portion where the electric 
field coupling between the coupling line portion and the 
grounding electrode is high, the electric field coupling 
between the coupling line portion and the grounding 
electrode can be easily controlled and also it is easy to 
control the directivity. 

Furthermore, the present invention can be also used in 
a circuit in which the main line is the center conductor of 
a coaxial line. 
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As in the present invention, in a directional coupler 
made up of a grounding electrode contained on one main 
surface of a substrate, a line portion contained on the 
other main surface of the substrate and constituting a 
microstrip line together with the grounding electrode, and a 
main line disposed so as to be coupled at high frequencies 
to a coupling line portion being a part of the line portion 
and be substantially in parallel to the coupling line 
portion, since a notch portion in the width direction of the 
coupling line portion from the edge portion of the substrate 
and including at least the coupling line portion which is 
opposite to the coupling line portion through the substrate 
is contained in a part of the grounding electrode, the 
directivity necessary for monitoring the transmission 
electric power can be obtained and the change of the 
directivity due to positional displacement between the line 
portion and the grounding electrode when the electrode 
pattern is formed can be reduced. 

Brief Description of the Drawings 

Fig. lA is a schematic top view and Fig. IB is a 
schematic sectional view of a directional coupler of a first 
embodiment . 

Figs. 2A and 2B are schematic views of a microstrip 
line of a directional coupler of the first embodiment. Fig. 
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2A showing the top surface, and Fig. 2B showing the back 
surface . 

Fig. 3A is a schematic top view showing a grounding 
electrode of a directional coupler of a second embodiment. 

Fig. 3Bis a schematic top view showing a grounding 
electrode of a directional coupler of a third embodiment. 

Fig. 3C is a schematic top view showing a grounding 
electrode of a directional coupler of a fourth embodiment. 

Fig. 4 is a schematic sectional view of a directional 
coupler of a fifth embodiment. 

Figs. 5A and 5B are schematic top views showing the 
coupling state between a micros trip line and a main line of 
the prior art . 

Reference Numerals 

1, 31, and 45 substrates 

2, 30, and 40 line portions of a microstrip line 

3, 32, and 42 main lines 

4 coupling space 

5 external conductor 

6 through hole 

7 and 3 3 grounding electrodes 
12 terminating resistor 

13, 20, 21, and 2 2 notch portions 
44 coupling magnetic field 
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48 



c oup 1 i ng c apa c i t anc e 



49 



one end of a microstrip line 



50 



the other end of a microstrip line 



51 



current flowing to one end of a microstrip line 



52 current flowing to the other end of a microstrip 

line 

Detailed Description of the Invention 

A first embodiment is described with reference to Figs. 
lA through 2B. 

A directional coupler in which a microstrip line is 
disposed so as to be coupled at high frequencies to the main 
line of a coaxial line using copper as an external conductor 
is shown in Fig. lA, and a schematic sectional view along 
line A - A' of Fig. lA is shown in Fig. IB. Moreover, the 
directional coupler shown in Figs. lA and IB is used for the 
base station of 2 GHz-band portable telephones. In the 
present embodiment, a microstrip line 2 formed on a glass 
epoxy resin substrate 1 is disposed with a space 4 of 2 mm 
from a main line 3. Moreover, as shown in Fig. IB, the 
glass epoxy resin substrate 1 on which the microstrip line 2 
is formed is inserted inside the external conductor of a 
coaxial line through a notch portion formed in the external 
conductor 5 and disposed with the space 4 to the main line 3 
being rectangular in section and having a width of 5 mm and 
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a thickness of 0.5 mm. Moreover, the space between the 
center conductor and the external conductor of the coaxial 
line is a layer of air. At this time, the glass epoxy resin 
substrate 1 is disposed in such a way that the central axis 
in the thickness direction of the glass epoxy resin 
substrate 1 is substantially in agreement with the central 
axis 9 passing through the center in section of the coaxial 
line. Due to such a structure, the magnetic fields 
generated in a ring-shaped way around the micros trip line 2 
and the main line 3 are coupled with each other and, as a 
result, both lines are magnetically coupled and 
simultaneously, because of the capacitance generated between 
the microstrip line 2 and the main line 3, the electric 
fields are coupled. Thus, the power of a high-frequency 
signal being propagated inside the coaxial line can be 
monitored. Moreover, as shown in Figs. lA and IB, one end 
of the microstrip line 2 is connected to an electrode 7 on 
the back surface by a through hole 6, and the glass epoxy 
resin substrate 1 is mounted on a mounting substrate by a 
screw (not illustrated) to be inserted into a screw hole 8. 

Next, the structure and manufacturing method of the 
portion of a microstrip line in the present embodiment are 
described. Fig. 2A shows the pattern of a substrate surface 
on which the microstrip line 2 is formed, and Fig. 2B is a 
schematic top view showing the pattern of the substrate back 
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surface and the disposition of elements. First, a glass 
epoxy resin substrate 1 the thickness of which is 0.8 mm and 
on both surfaces of which a 16-|im thick copper electrode is 
formed is prepared. The electrode patterns as shown in Figs. 
2A and 2B are formed on both top and back surfaces of the 
glass epoxy resin substrate 1 by using a photolithography 
technology. At this time, in the microstrip line 2 to be 
coupled to the main line, the line width is made to be 0.8 
mm so that the characteristic impedance may become 50 Q, and 
the line length is set to be half a wavelength in 
consideration of the effective dielectric constant on the 
glass epoxy resin substrate 1. Furthermore, the microstrip 
line 2 is formed so as to be U-shaped, and the length of a 
coupling line portion 10, which is disposed so as to be 
substantially parallel to the main line in order that the 
coupling line portion 10 may be coupled at high frequencies 
to the main line, is set to be 18 mm. Furthermore, on the 
back surface of the glass epoxy resin substrate 1, an 
electrode pad 11 for element -connect ion to which connection 
is made via a through hole 6 formed at one open end of the 
microstrip line 2 is formed. A terminating resistor 12 for 
terminating the open end of the microstrip line 2 with 50 Q 
is connected between the electrode pad 11 and the grounding 
electrode 7. Furthermore, the other open end of the 
microstrip line 2 is connected to a circuit in a high- 
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frequency front-end portion (not illustrated) . 

In Fig. 2B, two rectangular notch portions 13 are 
located in the grounding electrode 7 opposite to both ends 
of the coupling line portion 10 on the substrate surface. 
In the notch portions 13, the grounding electrode 7 is 
removed so as to include the whole of the micros trip line 2 
in the line width direction of the coupling line portion 10 
from the end portion of the glass epoxy resin substrate 1. 
In the present embodiment, the length of the notch portion 
13 is set to be 1 mm so that the directivity of the current 
flowing in the microstrip line 2 may be obtained. Moreover, 
the shape of the notch portions 13 can be changed in 
accordance with the substrate material to be used and its 
thickness . 

Adjustment can be made so that the magnetic field 
coupling amount and electric field coupling amount may 
become equivalent between the coupling line portion 10 and 
the main line (not illustrated) and the directivity of the 
current flowing in the microstrip line 2 can be obtained by 
containing the notch portions 13 in the grounding electrode 
7 opposite to the coupling line portion 10 as in the present 
embodiment. Furthermore, in the notch portions 13, since 
the grounding electrode 7 is removed so as to include the 
whole line of the coupling line portion 10, even if there is 
any positional displacement between the coupling line 
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portion 10 and the grounding electrode 7 when the electrode 
pattern is formed, the change of the magnetic field and 
electric field strengths generated between the microstrip 
line 2 and the main line (the directivity) is small. A 
microstrip-line type directional coupler having the 
directivity can be reliably obtained by using such a 
structure of the present embodiment . 

Furthermore, since the microstrip line 2 is a line in 
which a 50 -Q circuit is connected at both ends and the line 
length is half a wavelength, the vicinity of the middle of 
the coupling line portion has a strong electric field and 
easily accomplishes electric field coupling with the main 
line. Accordingly, the microstrip line 2 is made to be 
coupled through a magnetic field with the main line by 
leaving the grounding electrode 7 in the vicinity of the 
middle of the coupling line portion 10 as in Figs. 2A and 2B 
and the electric field coupling amount and the magnetic 
field coupling amount are made equivalent to each other to 
obtain a desired directivity. 

In a directional coupler for 2 GHz -band portable 
telephone devices as in the present embodiment, when the 
whole grounding electrode on the back surface of the 
substrate is retreated in the width direction of the 
coupling line portion, the directivity in the frequency band 
of 1.9 to 2.1 GHz has been as small as about 10 dB. However, 
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when a structure as in the present embodiment is adopted, 
the directivity in the same frequency band is improved 10 dB 
to result in the directivity of 20 dB. As a result, a 
sufficient and stable directivity is obtained- Moreover, 
the coaxial line used in the present embodiment is 
rectangular in section, but another shape, circular, etc., 
in section, may be used. 

A schematic top view of a grounding electrode of a 
second embodiment is shown in Fig. 3A. Although the notch 
portions have been shown at two locations in the grounding 
electrode in the first embodiment, three or more notch 
portions may be provided in accordance with the second 
embodiment. When a plurality of notch portions 20 are 
formed, the amount of change of the directivity due to the 
positional displacement between the coupling line portion 
and the pattern of the grounding electrode can be further 
reduced. 

A schematic top view of a grounding electrode in a 
third embodiment is shown in Fig. 3B. The third embodiment 
is a modified example of the second embodiment, and a part 
of each notch portion 21 is shaped in a circular arc. The 
effect of the third embodiment is the same as that of the 
second embodiment . 

A schematic top view of a grounding electrode in a 
fourth embodiment is shown in Fig. 3C. The fourth 
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embodiment is a modified example of the second embodiment, 
and a part of each notch portion 22 is shaped in a 
triangular shape. The effect of the fourth embodiment is 
the same as that of the second embodiment . 

Although what is different in the second to fourth 
embodiments is the shape of the notch portions, when the 
shape of the notch portions is proportionate to those in the 
embodiments, the same effect can be obtained. Furthermore, 
it is not required to unify the shape of the whole notch 
portions, and the notch portions which are partially 
different in shape from each other may be used. 

Furthermore, a schematic sectional view showing a 
coupling method between a main line and a microstrip line in 
a fifth embodiment is shown in Fig. 4. In the structure of 
the present embodiment, a substrate 31 on which a microstrip 
line 30 is formed is disposed under the center conductor 32 
of a coaxial line as the main line. When the circuit area, 
etc., are limited, the size of a circuit can be reduced 
without lowering the electrical characteristics in such a 
way that the substrate on which the microstrip line 30 is 
formed is inserted under the center conductor 32. 
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